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Abstract
Background: Disruption of biological rhythms has been linked to the pathophysiology of mental disorders.
However, little is known regarding the rhythmicity of mood symptoms due to the lack of validated clinical
questionnaires. A better understanding of the rhythmicity of mood symptoms can help identifying individuals
whose severity of mood symptoms follows an altered circadian rhythm. The objective of this study was to validate
the English version of the Mood Rhythm Instrument (MRhI), a self-reported measure of self-perceived rhythmicity of
mood symptoms and behaviours, in a sample of the general population from Canada.
Methods: After the translation process, the final English version of the Mood Rhythm Instrument (MRhI-English)
was applied on participants recruited at McMaster University and St. Joseph’s Healthcare Hamilton campuses.
Individuals were also asked to answer the Reduced Morningness-Eveningness Questionnaire (rMEQ).
Results: Four hundred one individuals completed the English version of the MRhI and the rMEQ. The MRhI-English
presented a Cronbach’s alpha of 0.75. The factorial analysis grouped the MRhI-15 items in 3 factors (cognitive, affective
and somatic), with affective items having a lower frequency of self-reported 24-h peaks. Comparison between sexes
showed that women reported a higher frequency of daily peaks in irritability, anxiety, sadness and talking to friends,
while men exhibited peaks more frequently in problem-solving, sexual arousal and motivation to exercise.
Conclusions: Our findings suggest that the English version of the MRhI displayed good internal consistency. Future
directions will include the use of the MRhI instrument in individuals with mood disorders, aiming to provide a better
understanding of the relationship between daily patterns of mood variability and mental health outcomes.
Keywords: Circadian rhythm, Chronobiology, Sleep, Depression, Mood
Background
Mood disorders are chronic mental health conditions
that cause a range of disabilities for patients, generating
a negative impact on the individual, health systems and
society [1]. Due to their multifactorial etiology, mood
disorders are known to be influenced by genetic, per-
sonal and/or environmental factors [2, 3]. While mood
disorders are prevalent, a significant proportion of individuals
with mood disorders go undiagnosed due to the spectrum of
severity and prognosis [4, 5]. In this context, it is important
to find ways to improve the identification of its risk factors,
leading to appropriate treatment management and conse-
quently preventing unfavourable outcomes.
The etiology of mood disorders has been extensively
studied, and some chronobiological factors have been
found to play an essential role in the pathophysiology of
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mood disorders [6]. For instance, previous studies have re-
vealed that alterations in circadian rhythms are highly associ-
ated with major depression and bipolar disorder [7–9].
Specifically, altered variations of the clock genes, those in-
volved with rhythmicity and timing of biological rhythms at
a molecular level, have been found in individuals with bipolar
disorder, as well as major depression [10]. Recent meta-
analytic studies have concluded that the abnormal sleep
rhythms are consistently observed in patients with these two
major mood disorders [11, 12]. These disturbances can be a
potential predictor of declining mental health, as they have
been shown to contribute to escalated mood levels and the
triggering of manic episodes in patients [13]. For instance,
studies have shown that sleep deprivation and jet lag can
trigger or aggravate depressive, hypomanic or manic episodes
[14]. In addition, studies have shown that discrete patterns of
daily activity rhythms can distinguish specific mood disorder
subgroups, such as bipolar depression and mania, or non-
melancholic and melancholic depression [15, 16]. Notably,
lower stability and weakened amplitude in rest-activity
rhythms have been associated with greater symptom severity
(e.g. impulsivity and mood instability) in individuals with
borderline personality disorder [17].
Therapies that target circadian rhythms synchronization
might be useful in the management of mood disorders,
such as bright light therapy and interpersonal and social
rhythm therapy [18–20]. A better understanding of the
rhythmicity of mood symptoms can help to identify individ-
uals whose severity of mood symptoms follow an altered
circadian rhythm. However, despite the increasing evidence
linking mood disorders and circadian rhythms disruption,
little is known regarding the rhythmicity of mood symp-
toms due to the lack of validated clinical questionnaires. In
order to fill this gap, we have developed the Mood Rhythm
Instrument (MRhI), a clinical tool aiming at assessing the
self-perceived rhythmicity of mood symptoms.
The MRhI is a self-reported questionnaire devel-
oped to evaluate the presence and timing of daily
patterns for mood-related symptoms over the last 15
days. Each of the 15 items comprises a categorical
and a continuous question. The original version of
this instrument was created in Brazilian Portuguese
[21], which was then translated and validated in
Spanish [22, 23]. In a large study with 708 partici-
pants that completed the MRhI, we found that the
rhythmicity of specific mood-related symptoms and
behaviors, such as pessimism and motivation to ex-
ercise were associated with higher risk for psychi-
atric disorders [24]. Notably, we also found specific
cultural differences in comparing Spanish and Brazil-
ian samples in terms of the daily patterns of mood-
related symptoms [25]. These results are consistent
with previous studies suggesting that cultural differ-
ences, as seen in different populations’ sleep/wake
habits [26–28], as well as ethnic differences [29], and
as racial differences in tau and circadian phase shift-
ing, are relevant factors in circadian rhythm re-
search. Thus, this study aims to validate the MRhI
English version in an English-speaking Canadian
sample.
Methods
Step 1. Translation of the Mood Rhythm
Instrument (MRhI)
The translation process is detailed in Fig. 1 and was
composed by five steps, including forward translation,
correctness, back translation, back translation review
and harmonization.
The instructions on how to answer the questionnaire
was updated with the removal of one sentence. In the
translated version, the following sentence was written:
“Answer the following questions according to the previ-
ous 15 days, taking into account how you have felt dur-
ing most of the time, on the majority of the days and in
the absence of any events that have caused you distress”.
In order to improve clarity, this sentence was changed
Fig. 1 Translation process of MRhI into English. The main steps for translation and cultural adaptation of Brazilian Portuguese into English
are detailed
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to: “Answer the following questions according to the
previous 15 days, taking into account how you have felt
during most of the time”. All sentences had their conju-
gation changed to the Present Perfect Tense, as the
MRhI intends to assess the self-perceived rhythmicity of
mood-related symptoms in the last 15 days. For question
11, the word “prone” was changed to “motivated”. For
question 12, the sentence “you memorize” was changed
to “your memory”. For question 15, the sentence “when
you feel your best” was changed to “when you have had
more energy and motivation to do things”. Furthermore,
instead of a 24-h format scale as it stands in the Portu-
guese version, the English version has an am/pm format
scale. The final English version of the MRhI can be
found as Supplementary Methods.
Step 2. Validation of the Mood Rhythm Instrument
Participants and procedures
Data collection was conducted between January 2016
and September 2018. We recruited the study sample
through poster advertisements at McMaster University
and St. Joseph’s Healthcare Hamilton campuses, and on-
line research recruitment within the Department of
Psychology, Neuroscience & Behaviour at McMaster
University. The final study sample comprised 401 indi-
viduals (age: 18–60; mean age: 22. ±7), predominantly
women (72%), with a mean of 15 ± 3 years of schooling.
The study was approved by the Hamilton Integrated Re-
search Ethics Board and was conducted in accordance
with the Declaration of Helsinki. All study participants
provided written informed consent before study entry.
Instruments
Mood Rhythm Instrument (MRhI) The MRhI is com-
posed of 15 items referring to physical, psychological
and behavioural aspects related to mood, and each item
provides a categorical (presence or absence of a daily
peak) and a continuous (peak time in a 24 h period) vari-
able. Subjects answered if, in the last 15 days, there was
a specific time of the day when they experienced a peak
in mood-related symptoms. We have recently completed
a study where we tested the agreement rates between
the MRhI and a daily version of the MRhI, and we found
high agreement rates between the two instruments, thus
suggesting that the MRhI may not be significantly influ-
enced by memory bias [25]. The MRhI displayed a satis-
factory internal consistency (i.e. Cronbach’s alpha) in
Brazilian (0.73) and Spanish (0.70) populations [21, 23].
Reduced Morningness-Eveningness questionnaire
(rMEQ) The rMEQ provides a self-evaluation of chron-
otype, which is a unidimensional construct and offers a
classification that varies between evening and morning
types. This questionnaire was developed by Adan and
Almirall [30] and includes items 1, 7, 10, 18, and 19 of
the original MEQ. These 5 questions comprise the smal-
lest possible number of items that provides the max-
imum amount of information relative to the time when
each individual feel to be more prone to perform daily
activities and to sleep. Higher numbers indicate morning
tendencies and lower numbers indicate evening tenden-
cies (scores 4–11: evening type; 12–17: intermediate
type; 18–25: morning type). The rMEQ has been widely
used due to its practicality, allowing parallel recording of
other variables, especially in large sample studies. The
psychometric properties of the rMEQ has been evaluated
in many countries of Europe, America, as well as in
Kingdom of Saudi Arabia, China, India, Iraq and Iran. In
most of these previous studies rMEQ showed similar
values for internal consistency [31].
Reliability and validity process
Internal consistency was measured with Cronbach’s
alpha. A Cronbach’s alpha value between 0.7 and 0.9
was considered acceptable [32]. Psychometric properties
of MRhI-English were assessed through the exploratory
factor analysis (EFA). The EFA was carried out using a
tetrachoric correlation matrix since our data has a binary
feature [33]. Maximum Likelihood and Varimax were
the extraction and rotation methods, respectively. Com-
pared to other commonly used extraction methods,
Maximum Likelihood uses the full information solution
of the 2p contingency table [34]. For practical implica-
tions, Maximum Likelihood is considered preferable for
tests with few factors (stated as 1 to 3 factors), which is
the main reason we opted for this specific extraction
method [35]. Satorra-Bentler corrected model estimation
algorithm was used to surmount biased estimates. Vari-
max is a widely used rotation technique, being suitable
for the present data as it shows excellent results by dif-
ferentiating groups in several simulation scenarios [36].
Factors extraction was initially performed through Veli-
cer’s minimum average partial (MAP) [37], Horn’s Paral-
lel Analysis (PA) [38], and Comparison Data (CD) [39],
obtaining 2, 5, and 3 factors respectively. As supported
by Ruscio and Roche [39], CD method performs better
than MAP and PA in terms of accuracy and precision,
with nearly unbiased results. Thus, the three-factor
model was considered for the analysis. A confirmatory
factor analysis (CFA) using Comparative Fit Index
(CFI) > 0.95, Tucker-Lewis Index (TLI) > 0.95, Root
mean square error of approximation (RMSEA) < 0.06,
and Standardized Root Mean Square Residual (SRMR) <
0.08 as model fit indices were conducted [40]. The CFA
model fit indices showed suitable or slightly less than
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the good fit values (χ2 = 178.8, df = 87, CFI = 0.875, TLI =
0.850, RMSEA = 0.05, SRMR = 0.06).
Statistical analysis
Variables were tested for normality by the Shapiro-Wilk test.
Comparisons of the frequency of the dichotomous MRhI-
English according to sex were analyzed by Chi-square test
(χ2). Linear-circular correlations between time peaks of
MRhI items and MEQ scores were performed [41]. The dis-
tribution of MRhI-English items peaks were shown as a cir-
cular mean and compared between sexes according to
Mardia-Watson-Wheeler test, considering that the data do
not follow a normal distribution for circular data [42]. R ver-
sion 3.4.1 (package “Directional v3.3”) and NCSS 12.0.9 were
used for circular analysis. R version 3.4.1 (packages “psych”,
“lavaan” and “RGenData”) and PASW Statistics Version 18
(SPSS Inc., Chicago, IL) were used for statistical analyses.
Statistical significance was accepted at p < 0.05.
Results
Reliability and validity of the English version of the mood
rhythm instrument
The MRhI-English presented a Cronbach’s alpha of 0.75 in
this sample, which suggests good internal consistency. Table 1
presents the three factors obtained with the factorial analysis
of the categorical MRhI items. The first factor was predomin-
antly composed by cognitive items such as problem-solving,
concentration, memory, talking to friends and energy. Items re-
lated to affective aspects were in the second factor, e.g. self-es-
teem, anxiety, sadness and pessimism. Finally, the third factor
grouped alertness, sleepiness, irritability and somatic items like
appetite, sexual arousal, andmotivation to exercise.
The frequency of self-reported rhythmicity for each
MRhI item and the comparison between sexes is shown
on Table 2. Items with the highest reported occurrence (>
70%) of a daily peak were alertness, sleepiness, concentra-
tion, appetite and energy. On the other hand, less than
Table 1 Exploratory Factor Analysis of the English version of the
Mood Rhythm Instrument items based on a three-factor
solution
Items Factor 1 Factor 2 Factor 3
1. Alertness 0.43 0.16 0.45
2. Sleepiness 0.26 0.2 0.72
3. Problem-Solving 0.76 0.09 0.28
4. Self-esteem 0.15 0.45 0.44
5. Concentration 0.64 0.1 0.31
6. Appetite 0.12 0.19 0.54
7. Sexual Arousal 0.11 0.26 0.45
8. Irritability 0.15 0.37 0.49
9. Anxiety 0.1 0.66 0.21
10. Sadness 0.1 0.85 0.01
11. Motivation to Exercise 0.2 −0.12 0.45
12. Memory 0.72 0.24 0
13. Pessimism 0.18 0.63 0.14
14. Talking to Friends 0.32 0.31 0.17
15. Energy 0.59 0.11 0.46
Eigenvalues 2.38 2.26 2.32
% of variance 0.16 0.15 0.15
Table 2 Frequency of self-reported rhythmicity of the Mood Rhythm Instrument (MRhI) items – English version
MRhI items Total (n = 401) Men (n = 112) Women (n = 289) χ2, p value
n (%) n (%) n (%)
Alertness 313 (78) 85 (76) 228 (79) 0.42, p = 0.52
Sleepiness 375 (94) 109 (97) 266 (92) 3.71, p = 0.05
Problem-solving 273 (68) 85 (76) 188 (65) 4.36, p < 0.05*
Self-esteem 144 (36) 40 (36) 104 (36) 0.00, p = 0.96
Concentration 318 (79) 86 (77) 232 (80) 0.60, p = 0.44
Appetite 292 (73) 82 (73) 210 (73) 0.01, p = 0.91
Sexual Arousal 125 (31) 47 (42) 78 (27) 8.44, p < 0.01**
Irritability 243 (61) 58 (52) 185 (64) 5.06, p < 0.05*
Anxiety 172 (43) 34 (30) 138 (48) 9.97, p < 0.01**
Sadness 157 (39) 30 (27) 127 (44) 9.98, p = 0.01**
Motivation to exercise 248 (62) 79 (70) 169 (58) 4.97, p = 0.05*
Memory 127 (32) 37 (33) 90 (31) 0.13, p = 0.72
Pessimism 122 (30) 30 (27) 92 (32) 0.97, p = 0.32
Talking to Friends 205 (51) 43 (38) 162 (56) 10.08, p < 0.01**
Energy 310 (77) 86 (77) 224 (78) 0.02, p = 0.88
Chi-square test; *p < 0.05; **p ≤ 0.01
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40% of subjects reported a daily peak in self-esteem, sexual
arousal, sadness, memory and pessimism. The comparison
between sexes showed that women reported a higher fre-
quency of daily patterns in irritability, anxiety, sadness
and talking to friends, while men reported in problem-solv-
ing, sexual arousal and motivation to exercise.
The comparison of MRhI time variables distribution
according to sex is displayed in Rose plots (Fig. 2). The
items did not vary between men and women (all p >
0.05). Notably, sleepiness, appetite, anxiety, motivation to
exercise, pessimism and talking to friends seemed to have
a multimodal (i.e. more than one peak time in a 24 h
period) pattern of occurrence.
According to linear-circular correlation, all MRhI timing
items were significantly correlated with rMEQ scores
(Table 3). However, we cannot establish if items are posi-
tively or negatively correlated to rMEQ scores due to the
nature of a circular measure. Figure 3 presents the fre-
quency of which subjects responded with having a peak for
MRhI items and the circular means of the reported peaks
according to chronotype. The later the circular means ap-
peared for cognitive and somatic items, the more evening-
ness the chronotype became (e.g. alertness, problem-solving,
concentration, appetite, motivation to exercise, memory,
talking to friends and energy). The opposite occurred with
irritability, sleepiness, anxiety and pessimism. Sexual
arousal and sadness did not seem to vary among the differ-
ent chronotypes and showed little rhythmicity.
Discussion
The translation of the MRhI to English was adjusted to lan-
guage and clarity. Importantly, the time scale was modified
into the 12-h clock format for a cultural adaptation for the
Canadian and most English-speaking countries. The Cron-
bach’s alpha was 0.75, meaning that the items had an accept-
able internal consistency and were adequate, similar to
previous validation studies of the MRhI [21, 23].
Fig. 2 Rose plots for the Mood Rhythm Instrument (MRhI) time variables divided by groups of sex. The circle represents 24 h and each bin represents a 3-h
period. The petals magnitudes are based on the proportion of participants of each group presenting a daily peak in the corresponding 3-h period. The bin
width is divided equally by the two groups and the petals are laid out sequentially in the bin. The lines represent the circular mean for each group. Men and
women do not differ in any MRhI item considering a level of significance of α=0.05 (Mardia-Watson-Wheeler test for equal distributions)
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The three factors solution grouped the items based on
the nature of their features. Considering that the first
factor explains the greatest percentage of the variance,
items in this factor are considered to have an important
contribution to the explained variance [43]. It seems that
in this Canadian sample, cognitive items are more im-
portant in assessing the profile of mood rhythmicity than
affective and somatic ones. Yet, in the recent Spanish
validation of MRhI, psychometric analysis showed that
the first factor grouped somatic items except for prob-
lem-solving [23].
In line with previous MRhI studies, cognitive and somatic
items had more reported peaks than affective items [21, 23].
With the exception of anxiety, the affective items exhibited
perceived peaks on less than 40% of subjects from the whole
sample. When considering sex to compare the frequency of
daily peaks, we found significant differences in irritability,
anxiety and sadness, which were more frequently reported
by women. Notably, these results are consistent with epi-
demiological data pointing to a higher prevalence of mood
and anxiety disorders in women, which is corroborated by
biological [44] and socioeconomic [45] contributors. Another
factor that may be related to the sex differences observed are
alexithymic behaviors, which are more prevalent in men,
resulting in a lack of report of negative emotions in this
population [46].
Women also reported a higher frequency of daily peaks for
talking to friends, which is in accordance to a previous British
study that evaluated social interaction components of circa-
dian rhythms through phone calls monitoring. Results
showed that, comparatively to men, women spent more time
on calls with friends in the evening and at night [47]. Inter-
estingly, in terms of sexual arousal, men reported more fre-
quency of sexual arousal peaks than women, which is exactly
the opposite from what we observed in Spanish population
[23] and also distinct from Brazilians that did not display dif-
ferences in sexual arousal peak between women and men
[21]. Moreover, problem-solving and motivation to exercise
were more frequently pointed as having a daily peak in men.
This result can be in part supported by the fact that women
are more prone to be extrinsically motivated (with expecta-
tions to gain rewards or outcomes) to exercise than intrinsic-
ally motivated (aiming personal satisfaction and/or
enjoyment), resulting in less motivation for regular physical
activity in comparison to men [48]. In contrast to the Brazil-
ian sample, where alertness was the only item that differed
between sexes, with women reporting more frequently to
have a peak than men [21], no differences with regards to
alertness were found in the Canadian sample.
Overall, we observed that the Canadians reported more
sex differences with regards to frequency of perceived
peaks than the Brazilian sample. Regarding negative mood
and somatic symptomatology, women reported more fre-
quent peaks than men (irritability, anxiety and sadness),
while for positive cognitive and somatic activity behaviors
men reported more frequent peaks than women (sexual
arousal, problem solving and motivation to exercise). As
aforementioned, higher prevalence of mood symptoms in
women possibly contrasts observations related to the
affective items in a sample mostly composed by them.
Thus, future research exploring these factors which con-
trols for the relationship between sex and psychiatric
symptoms shall bring valuable insights related to the sex
differences observed.
The time when items peak did not differ between men
and women in any of the MRhI items. Considering that
participants could only choose one time peak, even though
men reported to have a sexual arousal peak in the morning,
pointed morning peaks were much more frequent as
among women and, therefore, circular means were similar
between women and men. A Polish study reported that
women had evening peaks of “greatest need for sex”,
whereas men had both morning and evening peaks [49].
This multimodal pattern of occurrence was also identified
in appetite and usually varies among breakfast, lunch and
dinner [50]. Subjects also reported peaks of sleepiness in the
morning, right after midday and at night which is in line
with previous analyses of sleepiness expression [51].
As we expected, the circadian typology, measured by
means of chronotype, is significantly correlated to all
MRhI items time peaks [52]. Participants classified as
morning types reported earlier peak times for concentra-
tion, alertness, problem-solving, energy, memory, motiv-
ation to exercise and self-esteem. In contrast, individuals
classified as evening types reported that these items
Table 3 Linear-circular correlations between time of peak of
MRhI items and rMEQ scores
MRhI items (n) R-squared p-value
Alertness (309) 0.290 ≤0.001
Sleepiness (370) 0.106 ≤0.001
Problem-Solving (270) 0.147 ≤0.001
Self-esteem (142) 0.206 ≤0.001
Concentration (315) 0.247 ≤0.001
Appetite (289) 0.028 ≤0.001
Sexual Arousal (123) 0.066 ≤0.001
Irritability (241) 0.203 ≤0.001
Anxiety (170) 0.089 ≤0.001
Sadness (157) 0.046 ≤0.001
Motivation to Exercise (246) 0.162 ≤0.001
Memory (126) 0.231 ≤0.001
Pessimism (120) 0.107 ≤0.001
Talking to friends (203) 0.020 0.018
Energy (305) 0.221 ≤0.001
Abbreviations: rMEQ Reduced Morningness-Eveningness Questionnaire
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peaked later in the day. These results are consistent with
previous studies from Europe and United States showing
that individuals with morning chronotype performed
better in terms of attention, alertness and working mem-
ory in the morning and afternoon when compared to in-
dividuals with an evening chronotype [53, 54]. Also,
depending on the type of problem to solve (e.g. insight
or analytic), individuals classified as having a later circa-
dian arousal perform better during later afternoon ses-
sions (between 4 pm and 5:30 pm) [55].
Cognitive performance has been shown to be correlated
with individual’s body temperature rhythm. Wright et al.
Fig. 3 Frequency and peak of each MRhI item. The circular mean of each 24-h peak for mood symptoms is depicted on the x-axis and frequency
(%) is depicted on the y-axis
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[56] found that cognitive tasks were performed better when
body temperature is high and near its circadian peak. Along-
side these findings, another study found that individuals with
a morning chronotype have earlier temperature rhythms,
thus their peaks in cognitive performance such as memory
and alertness would also occur earlier than those with even-
ing chronotypes [57]. Our data revealed that individuals with
evening chronotype reported earlier peaks of sleepiness com-
pared to individuals with morning and intermediate chrono-
types. However, it is possible that this finding does not
reflect spontaneous behaviors, but rather the conse-
quences of sleep disruption related to diurnal social de-
mands, a hypothesis that is endorsed by the same finding
regarding irritability, pessimism and anxiety (earlier in
evening chronotypes). Due to the mean age of 22.2 ± 7
years of our sample, which in general is related to later
chronotypes [52], the opposite maladaptation for noctur-
nal activities could be observed in talking to friends. This
item peaked at a similar time for intermediate and evening
types, and earlier in morning types. Finally, in our sample
sexual arousal, appetite and sadness displayed little vari-
ation between chronotypes.
This study has some limitations. We are aware that the
MRhI does not reflect mood rhythms independently of ex-
ternal or social factors, as responsibilities and schedules of
participants probably influence their responses. However, it
is of our interest to evaluate individuals’ self-perception of
rhythmicity of mood-related symptoms when inserted in a
real-life setting, rather than assessing internal rhythm alone.
External factors that exist in a person’s environment are in-
tricate experiences that can also influence how symptoms
of mood disorders present themselves. Another limitation
is that only one external validation measure was used, albeit
it is a well-established questionnaire to evaluate chronotype
[30]. Longitudinal monitoring of cognitive, affective, and
somatic symptoms using Ecological Momentary Assess-
ment methods should also be considered when validating
instruments like the MRhI.
Conclusions
In conclusion, the results obtained with the English version
of the MRhI are consistent with previous chronobiology
studies, suggesting that this instrument might be useful to
enhance the knowledge of self-perceived daily patterns of
mood-related symptoms. The Cronbach’s alpha analysis sug-
gests good internal consistency of this instrument. Cognitive,
affective and somatic items presented different frequency of
reported peaks and regarding its timing, they seemed to be-
have accordingly to chronotype. The future directions will be
the use of the MRhI instrument in a large sample of individ-
uals with mood disorders, aiming to provide a better under-
standing of the relationship between daily patterns of mood
variability and mental disorders.
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